I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The prevalence of type 2 diabetes mellitus (T2DM) in Asia is increasing and has become higher than other regions.\[[@ref1]\] Cardiovascular disease (CVD) is the major contributor to morbidity and mortality in patients with T2DM.\[[@ref2]\] According to the National Health and Morbidity Survey 2015, the prevalence of diabetes in Malaysia was estimated to affect 17.5% of the adult population, with an overall higher prevalence in females as compared to males.\[[@ref3]\] Further, in terms of T2DM-related complications, Malaysia has one of the highest prevalence rates of CVD among Asian countries.\[[@ref4]\] To decrease the incidence of CVD among Malaysian T2DM patients, many approaches have been implemented.\[[@ref3]\] Optimization of the lipid-lowering therapy use among T2DM patients has been considered as one of the significant approaches to decrease the overall CVD burden.\[[@ref5]\] People with diabetes have been shown to incur many clinical benefits from lipid-lowering therapy.\[[@ref6]\] Statin therapy is considered as the cornerstone of clinician\'s efforts toward primary and secondary CVD prevention in patients with T2DM.\[[@ref7]\] Patients with T2DM are deemed as prime candidates for receiving statin therapy, which has been endorsed by most of the clinical practice guidelines (CPGs).\[[@ref8][@ref9]\] Although statins are proven to reduce CVD-related events and all-cause mortality significantly,\[[@ref10]\] underutilization of statins in patients at high risk such as those over 40 years with T2DM is reported in the form of inappropriate dosing, discontinuation, and adherence issues.\[[@ref11]\] The main objective of this review is to summarize some of the most important clinical guidelines supporting the use of statins in T2DM patients including the recent edition of Malaysian CPGs and finally providing an overview of factors that may affect statins' prescribing patterns and compliance.

M[ETHODOLOGY]{.smallcaps} {#sec1-2}
=========================

Search was made on Scopus, Web of Science, and PubMed for articles with keywords prescribing patterns, statins, diabetes, practice guidelines, and dyslipidemia in their titles or abstracts. Total articles found were 215. A further selection of articles written in English was made. An exclusion to articles with repetitive and/or nonrelevant content was considered after reading all available abstracts. A further selection of relevant articles, available as full-text, that can help in achieving the objectives of this review in terms of providing a comparison between selected guidelines and outlining the potential determinants of statins prescribing for patients with T2DM was made based on authors' consensus. The final number of articles included in our review was seventy articles.

O[VERVIEW OF]{.smallcaps} R[ECENT]{.smallcaps} C[LINICAL]{.smallcaps} G[UIDELINES FOR]{.smallcaps} D[IABETIC]{.smallcaps} D[YSLIPIDEMIA]{.smallcaps} {#sec1-3}
====================================================================================================================================================

European Society of Cardiology 2013 guidelines on diabetes and cardiovascular diseases {#sec2-1}
--------------------------------------------------------------------------------------

In the European Society of Cardiology (ESC) 2013 guidelines, statins were recommended for primary prophylaxis in patients with T2DM who do not have any other cardiovascular (CV) risk factor and free of target organ damage, with an low-density lipoprotein cholesterol (LDL-C) target of \< 2.5 mmol/L (\<100 mg/dl).\[[@ref8]\] Meanwhile, for secondary prophylaxis, statins were recommended for patients with T2DM associated with documented CVD or with one or more CV risk factors. The secondary prophylaxis target for LDL-C is \<1.8 mmol/L (\<70 mg/dl) or a lipid-lowering target percentage in LDL-C reduction is ≥50% if the target goal cannot be reached.\[[@ref8]\] The ESC guidelines emphasized the positive relationship between LDL-C reduction and CVD risk prevention.\[[@ref12]\] In addition, the beneficial statin effect of intensive LDL-C lowering on the pathophysiology of coronary atherosclerosis in patients with T2DM has also been reported.\[[@ref13]\] Although having been on LDL-C lowering therapy, patients with diabetes may still be at a residual risk of developing CVD events, for which a combination therapy or further intensification of LDL-C lowering therapy may play a role after taking into consideration the potential safety concerns.\[[@ref14]\] Recently, in the ESC 2016 guidelines for CVD prevention in clinical practice, a risk stratification for patients with T2DM to high-risk and very high-risk groups was considered for setting different treatment LDL-C targets.\[[@ref15]\] Finally, ESC guidelines did not recommend using drug therapy to target high-density lipoprotein cholesterol (HDL-C) elevation to reduce the CVD risk in susceptible patients.\[[@ref16]\]

American College of Cardiology/American Heart Association 2013 guidelines for the management of blood cholesterol to reduce atherosclerotic cardiovascular disease in adults: {#sec2-2}
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In the American College of Cardiology/American Heart Association (ACC/AHA) 2013 guidelines, T2DM patients over the age of 40 years were among the four major statins benefit groups that require focused efforts to reduce CVD events as a primary or secondary prophylaxis.\[[@ref9]\] Patients with diabetes between 40 and 75 years and LDL-C of 70--189 mg/dl (1.8--4.9 mmol/L) and without coronary artery disease or stroke are ideal candidates to receive statin therapy as a primary prophylaxis. Moreover, if patients with diabetes had already documented coronary artery disease or stroke, there was more emphasis on receiving statins as a fundamental part of their therapeutic plan for secondary CVD prophylaxis. According to their expected average LDL-C reduction, statins have been classified by fixed doses to high-, moderate-, and low-intensity therapy with an added clinical benefit for LDL-C reduction.\[[@ref17]\]

Statin treatment strategy for primary prophylaxis in patients with T2DM should involve either moderate or high intensity. The choice of regimen should be individualized according to benefits of CVD risk reduction, patient preferences, and safety issues.\[[@ref9]\] Unless there is patients' safety or tolerability concerns, high-intensity statins should be used for the secondary prophylaxis regimen.\[[@ref18]\] A new tool for risk assessment in these guidelines has conferred some new changes to the paradigm of CVD risk assessment in terms of family history exclusion, stroke risk inclusion, and lowering high-risk threshold to ≥7.5% instead of ≥10%.\[[@ref19]\] Several studies have been conducted to evaluate accuracy and efficiency of recommendations made in the ACC/AHA guidelines.\[[@ref20]\]

One USA study estimated the number of persons who were eligible to receive statin therapy and extrapolated the results to a population of 115.4 million USA adults between the ages of 40 and 75 years. The results showed an increasing trend in the total number of adults eligible to receive statin therapy, especially among older adults without CVD.\[[@ref21]\] Another interesting study was conducted in Europe to assess the impact of the application of the ACC/AHA 2013 guideline recommendations in comparison with the ESC 2013 guidelines and Adult Treatment Panel III guidelines. The application of ACC/AHA 2013 guidelines has increased the number of patients being eligible to benefit from statins therapy in this European population especially those aged 55 years or older.\[[@ref22]\]

American Diabetes Association 2016 standards of medical care in diabetes {#sec2-3}
------------------------------------------------------------------------

In accordance with what have been recommended earlier by ACC/AHA guidelines, American Diabetes Association standards of care recommend moderate-intensity statins for all T2DM patients over the age of 40 years as a primary prophylaxis.\[[@ref23]\] On the other hand, higher doses of statins are required for the secondary prophylaxis of diabetic patients with coronary artery disease or at increased CVD risk such as those with abnormal LDL-C levels, smokers, hypertension, or albuminuria.\[[@ref24]\]

National Institute for Health and Care Excellence 2014 guidelines on cardiovascular disease risk assessment, reduction, and lipid modification {#sec2-4}
----------------------------------------------------------------------------------------------------------------------------------------------

These guidelines suggest offering atorvastatin 20 mg for primary prophylaxis for patients with T2DM who have at least 10% 10-year CVD risk as assessed using the QRISK2 risk assessment tool.\[[@ref25]\] Furthermore, for secondary prophylaxis of patients with T2DM who have had CVD, the practice standards recommend early use of higher doses of statins, for example, atorvastatin 80 mg with a possible use of lower doses depending on the expected side effect profile and patients' treatment priorities.\[[@ref25]\]

Malaysian clinical practice guidelines for treatment of type 2 diabetes 2015 {#sec2-5}
----------------------------------------------------------------------------

According to the Malaysian CPG, for the purpose of primary CVD prophylaxis, all T2DM patients over the age of 40 years should be offered a statin therapy regardless of baseline LDL-C measures based on the findings of two large studies.\[[@ref26][@ref27]\] The target of LDL-C in those patients was set to be 2.6 mmol/L. If this target was not achievable, the plan should target a reduction in the LDL-C by 50% from the pretherapy measures.\[[@ref9]\] The same recommendations were applied to T2DM patients with explicit CVD but with a much lower target of LDL-C that was 1.8 mmol/L or a 50% reduction in LDL-C as compared to prestatin levels.\[[@ref28]\] Although non-HDL-C may be considered as a better predictor of CVS risk in patients with diabetes, it remained as a secondary treatment target due to the lack of sufficient evidence to support the superiority of treatment approach that targets non-HDL-C rather than LDL-C.\[[@ref29]\] In comparison with the American guidelines, the Malaysian CPG similar to the ESC guidelines has not emphasized on a particular statin intensity that should be used per certain patients' group which may be attributed to the difference in CVD risk estimation tool used by these guidelines.

In summary, all the guidelines presented above showed great similarities between recommendations suggested by different clinical professional bodies, especially in terms of the overall consensus that statins make up a substantial component for the treatment of diabetic dyslipidemia that can have a deterrent impact on both CVD events and mortality.\[[@ref30]\] The essential role of the preventive path of CVD in diabetes was based primarily on the fact that diabetes patients have a similar risk profile of CVD-related death when compared to patients without diabetes but has had an episode of acute coronary syndrome in the past.\[[@ref31]\] In addition, although lifestyle modifications involving dietary changes and physical exercise were found to help improve glucose and lipid measure in diabetic dyslipidemia, especially in overweight patients, it failed to show any CVS mortality benefit.\[[@ref32]\]

T[HE]{.smallcaps} R[ECOMMENDED]{.smallcaps} S[TATIN]{.smallcaps} D[OSE]{.smallcaps} {#sec1-4}
===================================================================================

The majority of recommendations have endorsed the use of moderate intensity statins for T2DM patients over the age of 40 years without specifying fixed doses, except for the ACC/AHA 2013 and National Institute for Health and Care Excellence (NICE) guidelines. It has been suggested by the ACC/AHA 2013 guidelines to use fixed doses of different statins classified according to their capacity for LDL-C reduction.\[[@ref33]\] Concurrently, the same approach has been employed by the NICE guidelines which suggested two different doses of atorvastatin (20 and 80 mg) be used in diabetes patients for primary and secondary CVD prophylaxis, respectively.

In addition, it has been proposed that further increasing the statin therapy dose may be needed to attain very low LDL-C below the previously accepted targets, for example, 40--50 mg/dl (0.9--1.1 mmol/L), on the basis that the correlation between CVD risk and LDL-C in diabetic patients, was more robust at this level.\[[@ref34]\] According to the most recent evidence, this approach of targeting very low LDL-C levels has failed to show any additional benefit among patients with preexisting ischemic heart disease in comparison with the target LDL-C levels recommended by most of the CPGs.\[[@ref35]\] It has been shown in the literature that early use of statins for primary prophylaxis was associated with higher long-term CVD prophylaxis.\[[@ref36]\] Further, it was reported that using statins in prediabetic individuals may confer a lower CVD risk.\[[@ref37]\] In general, increasing statin dose should be considered before resorting to combination therapy in the case of unachievable or suboptimal LDL-C levels.\[[@ref38]\] The assessment of the clinical benefit of using combination therapy in comparison with a higher statin dose has shown some improvement in lipid measures without a proportionate effect on the overall clinical outcome.\[[@ref32]\]

T[HE]{.smallcaps} C[OMBINATION]{.smallcaps} T[HERAPY]{.smallcaps} {#sec1-5}
=================================================================

Combination therapy can be considered if there is statin tolerance or safety issues or if the patient has already been offered the highest approved statin doses without reaching the LDL-C targets.\[[@ref39][@ref40]\] Although the reporting of statins' adverse effects has been increased, especially among patients received more intense statin dosing, the overall benefit of their use is deemed too far outweigh the potentially increased risk.\[[@ref41]\]

Incidentally, a summary of findings for large statin randomized trials has failed to show a correlation between incidences of adverse effects (e.g., elevation of liver enzymes, rhabdomyolysis) and the increased degree of LDL-C reduction by higher potency statins. They suggest that adverse effects may be more correlated with a certain statin at a specific dose such as simvastatin 80 mg.\[[@ref42]\] Similarly, a meta-analysis of 26 randomized controlled trials showed that further LDL-C reduction is associated with a reduction in major adverse CV events and suggested that high-intensity statins are safe to be recommended either as atorvastatin 80 mg or a combination of simvastatin 40 mg with other lipid-lowering medications.\[[@ref17]\]

There are several medications including ezetimibe, fenofibrate, niacin, and omega-3 fats, which can be used in combination therapy for achieving the further LDL-C reduction and favorable effects on levels of triglycerides and non-HDL-C.\[[@ref43]\] In a recent study which looked at comparing between combination therapy and high-intensity statins in diabetic patients with CVD, a more favorable lipoprotein effect was observed in the combination therapy (simvastatin-ezetimibe) as compared to high-intensity statins (atorvastatin or rosuvastatin).\[[@ref44]\] In addition, the ezetimibe-statin combination therapy has been associated with a lower incidence of major adverse cardiac events.\[[@ref45]\] The good results showed in the ezetimibe trial has been reflected in the Malaysian CPG recommendation of this therapy as a second-line treatment for LDL-C reduction.\[[@ref46]\]

In a recent study on lipid-lowering therapy patterns among type 2 diabetic patients at high CVD risk, frequent incidence of treatment intolerances was observed at higher doses of statin therapy and contributed to the low statin prescription rate despite the obvious clinical indication.\[[@ref47]\] Therefore, it seems that the use of combination therapy may need to be promoted further for optimal management of diabetic dyslipidemia to reduce the overall CVD burden.\[[@ref5]\] Classification of statins and the proposed statin combination therapy are provided in [Table 1](#T1){ref-type="table"}.\[[@ref48]\]

###### 

Classifications of statins intensity and the combination therapy
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S[TATINS']{.smallcaps} P[RESCRIBING AND]{.smallcaps} A[DHERENCE TO]{.smallcaps} P[RACTICE]{.smallcaps} G[UIDELINES]{.smallcaps} {#sec1-6}
===============================================================================================================================

After reviewing some of the important clinical evidence recommending the use of statin therapy in patients with T2DM, we aimed in this section to underpin what can affect the complete reflection of those recommendations in the daily clinical practice. A primary review focused on identifying barriers to prescribers' adherence to clinical guidelines has provided a comprehensive framework of barriers affecting prescribing determinants which are knowledge, attitude, and behavior.\[[@ref49]\] This review was sought to extend the concepts of the above-mentioned framework for prescribing of statins in diabetes patients.

In the real-world practice, the prescribing of statins in diabetes will never fully adopt the pattern outlined by the clinical guidelines.\[[@ref50]\] Numerous factors have been reported to affect the suboptimal adherence to the prescribing evidence suggested by the clinical guidelines.\[[@ref51]\] First, clinicians may not be fully aware or familiar with newer recommendations or clinical guidelines.\[[@ref52]\] Lack of familiarity with the clinical guidelines is a common barrier to their implementation in clinical practice.\[[@ref53]\] For example, inaccuracies in statins prescribing involve both statin type and dosage. In a study conducted by Teeling *et al*., it has been found that although the overall prescribing rate may increase in response to guideline recommendations, it is still common for practitioners to prescribe lower doses than those recommended by clinical guidelines.\[[@ref54]\]

Furthermore, in a study involved more than 300 physicians, it has been shown that there was a lack of proper outcome anticipation among physicians with regard to different statin dosages. The findings underscored the variable prescription patterns utilized by different physicians within the same field and thereby resulting in an incomplete realization of statin therapy full effects.\[[@ref55]\] Moreover, inaccurate risk estimation highlighted by Pignone *et al*. is also a major factor resulting in inappropriate prescribing of statin therapy.\[[@ref56]\]

In addition, the specialty of prescribers also affects the way in which statins are prescribed. One study comparing the assessment of CVD risk between cardiologists and general practitioners has revealed that a more precise estimation of the CVD risk was provided by cardiologists rather than general practitioners.\[[@ref57]\] This will naturally temper the choice and dosage of statins utilized in primary prevention of CVD. Prescribers' characteristics can also play a role, especially in terms of their motivation and readiness to change their prescribing behavior.\[[@ref58]\] The variability in prescribing patterns of different practitioners may simply be the manifestation of the perceived degree of self-efficacy and belief in one\'s actual ability to manage statin use.\[[@ref49][@ref59]\]

A less common scenario that may affect prescribing adherence to guidelines is the presence of concerns or disagreement with the final recommendations or the way by which the guidelines were formulated.\[[@ref60][@ref61]\] In addition, clinicians' biased perceptions about statin side effects may negatively affect their prescribing pattern and thus increase the overall CVD risk in a particular individual.\[[@ref62]\]

Finally, many other factors can also play a role in the prescribing process such as patient-related limitations\[[@ref63]\] such as financial issues or perceived medication\'s risk and practice setting-related limitations\[[@ref64]\] such as lack of resources and/or lack of time. [Figure 1](#F1){ref-type="fig"} represents a summary of factors affecting prescribing patterns of clinicians and their adherence to clinical guidelines.

![Factors affecting statins prescribing patterns](JPBS-9-80-g002){#F1}

C[OMPLIANCE TO]{.smallcaps} S[TATIN]{.smallcaps} T[HERAPY]{.smallcaps} {#sec1-7}
======================================================================

It is clear that prescribing behavior is not only the important determinant in achieving the overall statin treatment outcomes. After prescribing, of the next major stumbling block will be patient\'s compliance. Failure to comply with prescribed statin treatment results in both wastage of resources and a missed opportunity for CVD prophylaxis.\[[@ref65]\] Many factors can influence the degree of compliance to statin treatment which can be classified as either pertinent to patient or clinician. Patient\'s pertinent factors include older age, smoking, lack of exercise, nonhealthy diet, comorbidities, and adverse reactions while physicians' related factors encompass clinical experience, number of dyslipidemic patients seen per month, and hospital settings.\[[@ref66]\] In addition, patients' own perceptions about statin safety may negatively affect the utilization of lipid-lowering treatment and increase the overall CVD risk in a particular individual.\[[@ref65]\]

Safety issues {#sec2-6}
-------------

The main potential adverse reactions to statin therapy are the elevation in hepatic enzymes, myopathy, and increased risk of diabetes.\[[@ref67]\] Regarding liver safety issues, statins are considered safe for use even in patients with mild to moderate elevation in liver enzymes in nonalcoholic patients.\[[@ref68]\] Withholding statin therapy should only be considered when the abnormality in hepatic enzymes exceeds three times the upper normal limit.\[[@ref69]\] Statin-associated muscle symptoms are the most frequent causes of statin intolerance in clinical practice although those problems do not often progress to severe myopathy or rhabdomyolysis.\[[@ref69]\] Physicians or prescribers are required to perform baseline investigations for both liver and muscle toxicities before statin prescription.\[[@ref70]\] An assessment of myopathy enhancers either medical conditions or drug therapies\[[@ref48]\] is recommended while dealing with statin-intolerant patients. As the trend of the negative statin therapy perceptions is increasing due to misleading safety claims or unbalanced media coverage,\[[@ref71]\] further robust and valid estimation of statin intolerance is needed. In this regard, the ACC has released "statin intolerance" medical app to help clinicians toward the objective assessment of statin-associated muscle symptoms.\[[@ref72]\] Although the risk of new-onset diabetes has been shown in the literature,\[[@ref73]\] it is reported that statins are not commonly associated with any glycemic disturbances in those patients who are already having diabetes.\[[@ref48]\] Moreover, statin therapy use among patients with T2DM has been associated with absolute benefits in terms of CVD prevention, while there is no evidence of causal relationship between any excess in T2DM microvascular complications and the use of statin therapy.\[[@ref74]\]

Furthermore, it is imperative to realize that the quality of clinician--patient relationship and the degree of patient\'s satisfaction by treatment efficacy are also crucial determinants of patient\'s compliance behavior.\[[@ref75]\]

[Figure 2](#F2){ref-type="fig"} shows a summary of patient\'s and clinician\'s factors that can affect compliance with statin therapy.

![Factors affecting patients compliance to statin therapy](JPBS-9-80-g003){#F2}

Many initiatives can help in improving patients' compliance to statin treatment.\[[@ref76]\] Pharmacist-led lipid management clinics are reported to have a favorable impact on achieving lipid treatment outcomes.\[[@ref77]\] Moreover, telephone follow-up and periodical counseling have been shown to be helpful in this regard.\[[@ref78]\] Overall, the effective communication between healthcare practitioners and their patients can address many patient\'s compliances or tolerance issues, especially those related to statin side effects.\[[@ref79]\]

C[ONCLUSION]{.smallcaps} {#sec1-8}
========================

Adherence to clinical guidelines that recommend statins for T2DM patients as the main CVD prophylaxis treatment is modulated by many factors. These determinants may play a crucial role in ensuring success following the decision to prescribe statins. Moreover, having prescribed statins, some factors related to both clinicians and patients alike, can also affect compliance to statin therapy. Initiatives to enhance statin therapy prescribing should recognize the comprehensive nature of the prescribing process. Efforts to assure proper statin utilization and prescribing may help in achieving better clinical outcomes of statin therapy among patients with T2DM.
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